The heterogeneous reaction ClOOCl + HCl → Cl 2 + HOOCl was introduced into a chemical trajectory model of the stratosphere. Ten-day trajectories ending at ozonesonde stations at various northern latitudes were run to simulate the period January-March 1994. The reaction on sulfuric acid aerosol surfaces has a negligible effect on ozone chemistry if a sticking coefficient similar to that of ClONO 2 + HCl is assumed. On polar stratospheric cloud (PSC) surfaces the chemical effects of the addition of this reaction depend on the fate of proposed product HOOCl: if this species photolyzes to produce either ClO + OH or Cl + HO 2 , then HCl is activated by the reaction with chlorine peroxide. This heterogeneous activation of chlorine by active chlorine can have a significant effect on Arctic ozone depletion rates in the days following an air parcel's encounter with PSC surfaces. The ozone depletion rate usually increased but in some cases decreased, depending on the extent of PSC processing and on the initial [HCl]/[ClONO 2 ] ratio. Averaged over 3 months, the column ozone loss rates between 350 and 675 K were accelerated by as much as 35% for a set of 10-day trajectories ending at an Arctic station. If, on the other hand, HOOCl decomposes at the surface into HCl and O 2 , the net effect of these reactions is to convert ClOOCl into Cl 2 . These species are functionally equivalent, and such a conversion does not perturb the model chemistry. and 675 K were accelerated by as much as 35% for a set of 10-day trajectories ending at an Arctic station. If, on the other hand, HOOC1 decomposes at the surface into HC1 and 02, the net effect of these reactions is to convert C1OOC1 into C12. These species are functionally equivalent, and such a conversion does not perturb the model chemistry.
Introduction
The behavior of halogenated gases in the atmosphere has been a subject of great interest since the 1970s, when it was realized that industrially produced, long-lived chlorofluorocarbons (CFCs) were accumulating in the global atmosphere [Lovelock et al., 1973] . Assumed at first to be benign atmospheric tracers, CFCs were soon recognized as potentially damaging to the stratospheric ozone layer [Molina and Rowland, 1974 ]. The addition of CFCs has now increased the total amount of stratospheric chlorine to more than 5 times natural levels [Russell et al., 1996] , resulting in the formation of the "ozone hole" over Antarctica [Farman et al., 1985; Solomon et al., 1986] . Current models of the global stratosphere predict that total chlorine will remain at unacceptably high levels, even with a tight ban on CFC production, until the year 2050 [Dowdell et al., 1994] .
Inorganic, halogen-containing molecules in the atmosphere are divided into two categories, active and inactive, referring to their ability to catalyze ozone depletion. Chlorine and bromine have a more variable atmospheric chemistry than the other two halogens. Fluorine has no known activation pathways [Hanson and Ravishankara, 1992a] , and iodine is typically 90% activated . BrO, on the other hand, has a large diurnal variation [Availone et al., 1995] , and chlorine exhibits huge spatial and temporal variations in the concentrations of inactive (e.g., HC1 and C1ONO2) and active forms (e.g., C10
and C1OOC1) [Crewell et al., 1995] . Chlorine is also unique in that its activation depends mainly on several "heterogeneous" chemical reactions that occur at polar stratospheric cloud (PSC) surfaces and on sulfuric acid aerosol (SAA) [Webster et al., 1993] . Significant chlorine activation therefore occurs only where there are large numbers of these particles present, such as in the cold polar stratosphere during winter and spring.
A heterogeneous reaction between active and inactive forms of chlorine has been recently identified [De Haan, 1994 PSC formation was simulated by a detailed microphysical module [Larsen, 1991] , which used temperature and pressure histories and local mixing ratios of HNO3 and H20 to predict condensation events. In this three-stage model, frozen sulfate aerosol particles act as nucleation centers for type I PSCs (assumed to be nitric acid trihydrate (NAT)) when temperatures are low enough for nitric acid vapor to become supersaturated with respect to NAT. NAT particles will in turn serve as nucleation centers for type II PSCs (assumed to be ice crystal particles) when temperatures drop below the ice frost point. The microphysical module computes particle composition, size distribution, and surface area, which are greatly affected by the cooling rates encountered by the air parcel. [Carslaw et al., 1994] . These errors add a fundamental uncertainty to our estimates of the extent of any type of heterogeneous processing. Since the purpose of our study is to define limits for the potential significance of the reaction C1OOC1 + HC1 in the stratosphere, such differences should not be crucial.
The chemistry is initialized at the starting latitude by monthly output from the Oslo 2-D model. As there is often a difference in time of day between the initialization conditions (noon) and the trajectory starting time, all chemical changes are computed as compounded growth or loss rates using only the last 9 days of the trajectory, after the diurnal equilibria have been reestablished in the model.
Since a 10-day trajectory contains a realistic history of solar zenith angle and temperature changes, if the radiative structure and condensation behavior in the atmosphere can be accurately modeled, then the trajectory can be used as the basis of simulations of photochemical and heterogeneous processing. We report here tests of the effects of a heterogeneous reaction of a photolabile species (C1OOC1) on the concentrations of chemicals in an air parcel. By running the model through a set of trajectories a "time series" of daily chemical concentrations can be calculated for any endpoint position which takes into account stratospheric dynamics and can ideally be compared to field measurements.
There are some significant uncertainties involving the C1OOC1 + HC1 reaction. First, a reaction probability for C1OOC1 on chloride-doped ice surfaces has been measured (•/= 0.0035) using discharge-flow methods but is considered a lower limit because surface saturation processes caused C1OOC1 uptake rates to decrease quite rapidly with time (DB96). Higher sticking coefficients in the atmosphere are possible, especially considering the similarity between the reaction of C1OOC1 and those of C!ONO2 and HOC1; the latter two molecules are known to react very efficiently with HC1 at both type I and II PSC surfaces [Abbatt and Molina, 1992; Ravishankara, 1991b, 1992b] . Second, while ab initio calculations have suggested the thermal gas phase stability of the HOOC1 molecule is much greater than that of C1OOC1 [Lee and Rendell, 1993 
Results and Discussion
We began with a study of reaction (1) were parameterized in the model as the net reaction without accounting for the dissociation of HC1 at the ice surface or the temporary formation of HOOC1. The decomposition rate of chlorine peroxide was set equal to its collision rate with atmospheric surfaces multiplied by a surface reaction probability between 0.3 and 0.0035 and by an "HC1 availability factor," which estimated the monolayer coverage of HC1 at the surface. The collision rate is equal to 3'toA/4, where 3' is the surface reaction probability, to is the average molecular velocity, and A is the total particle surface area. At the same time, the artificial trajectories demonstrated that the ozone loss rate was hardly affected by this process. Even if chlorine peroxide was entirely converted to molecular chlorine and oxygen during periods of darkness, ozone loss rates changed by less than 3%. The reason for this is that C1OOC1 and C12 are functionally equivalent in the lower stratosphere in our model. Both molecules have comparable absorption cross sections in the relevant wavelength range of 300-400 nm, and both produce two chlorine atoms upon photolysis [Molina et al., 1990] . As soon as an air parcel encounters sunlight, the reservoirs of both C1OOC1 and C12 that have built up overnight begin to photolyze at the same time, yielding chlorine atoms at similar rates. We conclude that if HOOC1 (or another conceivable product such as C1OO-) quickly decomposes into HC1 and 02, as is assumed in case I, the reaction C1OOC1 q-HC1 will have a negligible effect on the degree of stratospheric chlorine activation and therefore ozone loss rates.
The second reaction scenario tested consisted of reaction (1) followed by photolysis of HOOC1, which has been proposed to occur [Lee and Rendell, 1993] As a first approximation; the net reaction was inserted into the model without accounting for HOOC1 formation. No requiiement for sunlight was included; instead, the reaction rate was set equal to the collision rate with particle surfaces. Since HC1 is consumed in this reaction scheme, a different parame- 
HCI(s) q'HC1--q'F( i + Cl•-•--•l(g))(9)
where subscripts (g) and (s) refer to gas phase and condensed phase concentrations, respectively. With the appearance of PSCs in the model, nearly all HC1 is adsorbed onto particle surfaces. This parameterization therefore compares the amounts of C1OOC1 and HC1 available for heterogeneous reaction, and if one is in large excess over the other, the removal rate for the more abundant compound will be greatly slowed. . This pathway must be demonstrated in laboratory studies. Without it, the conversion of C1OOC1 to C12 in the presence of HC1 has no effect on chlorine activation or ozone. Finally, the reaction in the model occurred on solid NAT (type Ia) PSCs. The real Arctic stratosphere contains both freshly condensed ternary solution (type lb) and subsequently frozen NAT particles, whose combined surface areas may in some cases be smaller than those calculated in our model.
Conclusion
The trajectory model simulates the heterogeneous processing and sunlight encounters of individual parcels of air. Our model shows that occasional encounters with sunlight throughout the 1994 winter allow C1OOC1 and HC1 to be present simultaneously in the Arctic stratosphere, making significant reaction between them a possibility. The reaction C1OOC1 + HC1 on sulfuric acid aerosol (and therefore at midlatitudes) can be neglected, since there is no effect on model chemistry if the reaction efficiency on these surfaces is no larger than that of C1ONO2 + HC1. of the heterogeneous reaction C1OOC1 + HC1 in the highlatitude stratosphere it is crucial that uncertainties in heterogeneous C1OOC1 reaction rates and ultimate product reaction pathways be addressed.
